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(54) Venous distensibility evaluation index measuring apparatus 



(57) In an venous distensibility evaluation index 
measuring apparatus, a pressure adjusting section (1 0) 
generates a pressure to supply it to a venous occluding 
section (3); in response thereto the venous occluding 
section (3) starts to press a vein in the upper arm; upon 
this operation, an electrode section (5) causes a current 
to flow, while detecting a voltage at that time; an imped- 
ance conversion section (12) converts this detected 
voltage in combination with the supplied current into an 
impedance; an impedance transition gradient calculat- 
ing unit (15) determines a gradient of a rate of change 
in impedance to the elapsed time: a venous distensibility 
evaluation index determining unit (16) determines a ve- 
nous age corresponding to said gradient of the rate of 
change in impedance to the elapsed time as well as a 
venous sclerosis level corresponding to the venous age 
based on the relation data stored previously in a storage 
section; and finally a display section (8) indicates the 
venous age and the venous sclerosis level. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to a venous dis- 
tensibility evaluation index measuring apparatus that 
provides a measurement on an evaluation index for a 
venous distensibility. 

Description of the Prior Art 

[0002] As for the evaluation of the venous distensibil- 
ity according to the prior art, there has been employed 
a venous occlusion plethysmography (see the nonpat- 
ent reference 1 , for example) by way of the impedance 
method, in which forearm veins are compressed by a 
cuff to thereby cause the blood to be stored in a terminal 
region of a body distant from the heart (i.e., in the hand 
side), and a change in volume of veins is measured, 
wherein the evaluation has been given based on a var- 
iation in the volume of the forearm veins per unit time in 
such a manner that if a gradient of the variation in the 
volume of the forearm veins per unit time is large, it is 
determined thatthe blood can flow easily, and if the gra- 
dient of the variation in the volume thereof per unit time 
is small, it is determined thatthe blood is difficult to flow. 

NONPATENT REFERENCE 1 

[0003] "Standard Physiology", 4th edition, March 1, 
1999 (3rd impression), pp. 508-509, edited byT. Hongo, 
T. Hiroshige, J. Toyoda, and M. Kumada. 
[0004] The venous occlusionplethysmographyby- 
wayof the impedance method described above, howev- 
er, can simply measure the volumetric change in the 
veins, but it has inhibited the evaluation of the venous 
distensibility based on the measured result by this meth- 
od, unless technicians such as physicians provide in- 
structions thereon. 

[0005] In this connection, an object of the present in- 
vention, in the light of the circumstances described 
above, is to provide a venous distensibility evaluation 
index measuring apparatus that can provide an evalua- 
tion of the venous distensibility in a simple and conven- 
ient manner. 

Summary of the Invention 

[0006] To accomplish the above-described object, ac- 
cording to an aspect of the present invention, there is 
provided a venous distensibility evaluation index meas- 
uring apparatus comprising: a venous occluding section 
for causing a vein in one part of body regions to be in a 
pressed condition; a pressure adjusting section for ad- 
justing a pressure used to cause the vein in the one part 
of the body regions to be in the pressed condition by 



increasing or decreasing the pressure, which is to be 
supplied to said venous occluding section; a clock sec- 
tion for measuring an elapsed time since said venous 
occluding section has started the pressing operation of 

5 said vein in the one part of the body regions; an elec- 
trode section for supplying a current at a predetermined 
frequency to a vein in a location more distant from the 
heart with respect to that of the venous occluding sec- 
tion yet in the same circulation path as said vein of the 

10 one part of the body regions, while detecting a voltage, 
when said clock section measures said elapsed time; 
an impedance conversion section for generating said 
current at the predetermined frequency to be supplied 
by said electrode section, while converting said voltage 

15 detected by said electrode section in combination with 
the supplied current into an impedance; an impedance 
transition gradient calculating unit for arithmetically cal- 
culating a gradient of a rate of change in impedance to 
the elapsed time based on said impedance converted 

20 in said impedance conversion section and said elapsed 
time measured by said clock section; a storage section 
for storing previously data indicative of a relation be- 
tween the gradient of the rate of change in impedance 
to the elapsed time and a first venous distensibility eval- 

25 uation index; a venous distensibility evaluation index de- 
termining unit for specifying said first venous distensi- 
bility evaluation index corresponding to said gradient of 
the rate of change in impedance to the elapsed time cal- 
culated by said impedance transition gradient calculat- 

30 ing unit from said relation data stored previously in said 
storage section; and a display section for indicating said 
first venous distensibility evaluation index specified by 
said venous distensibility evaluation index determining 
unit. With this apparatus, it has been made possible, by 

35 bringing the vein in one part of the body regions into the 
pressed condition by using the venous occluding sec- 
tion, that the volumetric change due to an expansion of 
the vein in a location more distant from the heart with 
respectto that of the venous occluding section yet in the 

40 same circulation path as the vein of the one part of the 
body regions may be detected by the electrode section, 
the detected data may be converted into the impedance 
by the impedance conversion section, the gradient of 
the rateof change in impedance to the elapsed time may 

45 be determined by the impedance transition gradient cal- 
culating unit, the evaluation index of the volumetric 
change due to the expansion of the vein or the evalua- 
tion index of the venous distensibility may be specified 
by the venous distensibility evaluation index determin- 

50 ing unit, and finally thus specified evaluation index of 
the venous distensibility may be indicated by the display 
section. Therefore, the evaluation index of the venous 
distensibility can be determined and informed of in a 
simple and convenient way without disturbing any inter- 

55 venient persons. 

[0007] Further, the apparatus is characterized in that 
said pressed condition represents a condition pressed 
at a constant pressure in a range from 30 mmHg to 90 
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mmHg. With this apparatus, the vein in one part of the 
body regions can be occluded exclusively. 
[0008] Yet further, the apparatus is characterized in 
that said pressed condition represents a condition 
pressed at a constant pressure of 50 mmHg. With this 
apparatus, the vein in one part of the body regions can 
be exclusively and reliably occluded. 
[0009] Still further, the apparatus is characterized in 
that said predetermined frequency is in a range from 1 
kHz to 500 kHz. With this apparatus, the volumetric 
change due to the expansion of the vein can be reliably 
detected. 

[0010] Further, the apparatus is characterized in that 
said predetermined frequency is 4 kHz. With this appa- 
ratus, the volumetric change due to the expansion of the 
vein can be reliably detected. 

[0011] Yet further, the apparatus is characterized in 
that said first venous distensibility evaluation index is 
either one of a venous age or a venous sclerosis level. 
With this apparatus, the venous age or the venous scle- 
rosis level having an association with a vascular disease 
can be output. Thus, the evaluation directed to the pre- 
diction of the possible vascular disease can be provided. 
[0012] Still further, the apparatus is characterized in 
that said storage section stores a correlational expres- 
sion Va = - y x Sit -i- 5 as the relation data between the 
gradient of the rate of change in impedance to the 
elapsed time and the venous age, where the Sit denotes 
the gradient of the rate of change in impedance to the 
elapsed time, the Va denotes the venous age, and the 
Y andthe 5 denote coefficients, respectively, and that 
said venous distensibility evaluation index determining 
unit calculates said venous age corresponding to said 
gradient of the rate of change in impedance to the 
elapsed time calculated by said impedance transition 
gradient calculating unit based on said correlational ex- 
pression stored previously in said storage section. With 
this apparatus, since the correlational expression Va = 
- yx Sit 4- 5 representing the relation thatthe venous age 
is getting lower as the gradient of the rate of change in 
impedance is getting increased is in consistent with a 
typical tendency of the vein getting hardened in associ- 
ation with the age increase (due to the fact that as the 
vein gets hardened in association with the age increase, 
associatively with this hardening, the process of the ex- 
pansion of the vein becomes slower and thus in asso- 
ciation with the slower process of the expansion, the 
process of the volumetric change in the blood vessel al- 
so becomes slower, which in turn slows down the proc- 
ess of the rate of change in impedance featuring this 
volumetric change), therefore particularly the venous 
age can be accurately determined. 
[0013] Further, the apparatus is characterized in that 
said storage section further stores previously data indic- 
ative of a relation between said first venous distensibility 
evaluation index and a second venous distensibility 
evaluation index, and that said venous distensibility 
evaluation index determining unit specifies said second 



venous distensibility evaluation index corresponding to 
said first venous distensibility evaluation index specified 
previously, from said relation data stored further previ- 
ously in said storage section. With this apparatus, a plu- 
5 rality of evaluation indices involving in the venous dis- 
tensibility can be output. 

[0014] Still further, the apparatus is characterized in 
that said first venous distensibility evaluation index rep- 
resents either one of the venous age orthe venous scle- 
rosis level, and that said second venous distensibility 
evaluation index represents the venous sclerosis level 
if said first venous distensibility evaluation index is the 
venous age. and it represents the venous age if said first 
venous distensibility evaluation index is the venous 
sclerosis level. With this apparatus, the venous age and 
the venous sclerosis level having a relation with the vas- 
cular disease can be output. Therefore, the evaluation 
can be provided from broadly different points of view 
with respect to the prediction of the possible vascular 
disease. 

[0015] Further, the apparatus is characterized in that 
said storage section stores a correlational expression 
Va = - yx Sit -i- 5 as the relation data between the gradient 
of the rate of change in impedance to the elapsed time 
and the venous age, where the Sit denotes the gradient 
of the rate of change in impedance to the elapsed time, 
the Va denotes the venous age, and the y and the 5 de- 
note coefficients, respectively, and it further stores cor- 
responding data as the relation data between the ve- 
nous age and the venous sclerosis level, which is indi- 
cated by the level 0 of the venous sclerosis level for the 
venous age no older than 39, the level 1 for the venous 
age in a range of 40 to 49, the level 2 forthe venous age 
in a range of 50 to 59 and the level 3 forthe venous age 
no younger than 65, and that said venous distensibility 
evaluation index determining unit specifies said venous 
age corresponding to said gradient of the rate of change 
in impedance to the elapsed time calculated by said im- 
pedance transition gradient calculating unit based on 
said correlational expression stored previously in said 
storage section, and it further specifies said venous 
sclerosis level corresponding to said venous age calcu- 
lated previously, from said corresponding data stored 
further previously in said storage section. With this ap- 
paratus, since the correlational expression Va = -yx Sit 
+ 5 representing the relation that the venous age is get- 
ting lower as the gradient of the rate of change in im- 
pedance is getting increased is in consistent with atyp- 
ical tendency of the vein getting hardened in association 
with the age increase (due to the fact that as the vein 
gets hardened in association with the age increase, as- 
sociatively with this hardening, the process of the ex- 
pansion of the vein becomes slower and thus in asso- 
ciation with the slower process of the expansion, the 
process of the volumetric change in the blood vessel al- 
so becomes slower, which in turn slows down the proc- 
ess of the rate of change in impedance featuring this 
volumetric change), therefore particularly the venous 
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age can be accurately determined. Besides, since the 
venous sclerosis level has a relation with the venous 
age, an accurate determination on the venous sclerosis 
level also can be provided. 

[0016] In accordance with another aspect of the 
present invention, there is provided a venous distensi- 
bility evaluation index measuring apparatus comprising: 
a venous occluding section forcausing a vein in one part 
of body regions to be shifted from a pressed condition 
into a decompressed condition; a pressure adjusting 
section for adjusting a pressure used to cause the vein 
in the one part of the body regions to be shifted from the 
pressed condition into the decompressed condition by 
increasing or decreasing the pressure, which is to be 
supplied to said venous occluding section; a clock sec- 
tion for measuring an elapsed time since said venous 
occluding section has started the decompressing oper- 
ation of said vein in the one part of the body regions; an 
electrode section for supplying a current at a predeter- 
mined frequency to a vein in a location more distantfrom 
the heart with respect to that of the venous occluding 
section yet in the same circulation path as said vein of 
the one part of the body regions, while detecting a volt- 
age, when said clock section measures said elapsed 
time; an impedance conversion section for generating 
said current at the predetermined frequency to be sup- 
plied by said electrode section, while converting said 
voltage detected by said electrode section in combina- 
tion with the supplied current into an impedance; an im- 
pedancetransition gradient calculating unit for arithmet- 
ically calculating a gradient of a rate of change in imped- 
ance to the elapsed time based on said impedance con- 
verted in said impedance conversion section and said 
elapsed time measured by said clock section; a storage 
section for storing previously data indicative of a relation 
between the gradient of the rate of change in impedance 
to the elapsed time and a first venous distensibility eval- 
uation index; a venous distensibility evaluation index de- 
termining unit for specifying said first venous distensi- 
bility evaluation index corresponding to said gradient of 
the rate of change in impedance to the elapsed time cal- 
culated by said impedance transition gradient calculat- 
ing unit from said relation data stored previously in said 
storage section; and a display section for indicating said 
first venous distensibility evaluation index specified by 
said venous distensibility evaluation index determinin- 
gunit. Withthisapparatus, ithasbeenmadepossible, by 
bringing the vein in one part of the body regions from 
the pressed condition into the decompressed condition 
by using the venous occluding section, thatthe volumet- 
ric change due to a contraction (recovery) of the vein in 
the location more distant from the heart with respect to 
that of the venous occluding section yet in the same cir- 
culation path as the vein of the one part of the body re- 
gions may be detected by the electrode section, the de- 
tected data may be converted into the impedance by the 
impedance conversion section, the gradient of the rate 
of change in impedance to the elapsed time may be de- 



terminedby the impedance transition gradient calculat- 
ing unit, the evaluation index of the volumetric change 
due to the contraction (recovery) of the vein or the eval- 
uation index of the venous distensibility may be speci- 

5 fied by the venous distensibility evaluation index deter- 
mining unit, and finally thus specified evaluation index 
of the venous distensibility may be indicated by the dis- 
play section. Therefore, the evaluation index of the ve- 
nous distensibility can be determined and informed of 

10 in a simple and convenient way without disturbing any 
intervenient persons. 

[0017] Further, the apparatus is characterized in that 
saidpressed condition represents a condition pressed 
at a constant pressure in a range from 30 mmHg to 90 

15 mmHg. With this apparatus, the vein in one part of the 
body regions can be occluded exclusively. 
[0018] Yet further, the apparatus is characterized in 
that said pressed condition represents a condition 
pressed at a constant pressure of 50 mmHg. With this 

20 apparatus, the vein in one part of the body regions can 
be exclusively and reliably occluded. 
[0019] Still further, the apparatus is characterized in 
that said predetermined frequency is in a range from 1 
kHz to 500 kHz. With this apparatus, the volumetric 

25 change due to the contraction (recovery) of the vein can 
be reliably detected. 

[0020] Further, the apparatus is characterized in that 
said predetermined frequency is 4 kHz. With this appa- 
ratus, the volumetric change due to the contraction (re- 

30 covery) of the vein can be more reliably detected. 

[0021] Still further, the apparatus is characterized in 
that said first venous distensibility evaluation index is 
either one of a venous age or a venous sclerosis level. 
With this apparatus, the venous age or the venous scle- 

35 rosis level having a relation with the vascular disease 
can be output. Thus, the evaluation directed to the pre- 
diction of the possible vascular disease can be provided. 
[0022] Yet further, the apparatus is characterized in 
that said storage section further stores previously data 

40 indicative of a relation between said first venous disten- 
sibility evaluation index and a second venous distensi- 
bility evaluation index, and that said venous distensibil- 
ity evaluation index determining unit specifies said sec- 
ond venous distensibility evaluation index correspond- 

45 jng to said first venous distensibility evaluation index 
specified previously, from said relation data stored fur- 
ther previously in said storage section. With this appa- 
ratus, a plurality of evaluation indices involving in the 
venous distensibility can be output. 

50 [0023] Yet further, the apparatus is characterized in 
that said first venous distensibility evaluation index rep- 
resents either one of the venous age orthe venous scle- 
rosis level, and that said second venous distensibility 
evaluation index represents the venous sclerosis level 

55 jf said first venous distensibility evaluation index is the 
venous age, and it represents the venous age if said first 
venous distensibility evaluation index is the venous 
sclerosis level. With this apparatus, the venous age and 
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the venous sclerosis level having a relation with the vas- 
cular disease can be output. Therefore, the evaluation 
can be provided from broadly different points of view 
with respect to the prediction of the possible vascular 
disease. 

Brief Description of the Drawings 
[0024] 

Fig. 1 is a block diagram showing a configuration of 
a venous distensibility evaluation index measuring 
apparatus according to the present invention; 
Fig. 2 is a main flow chart showing an application 
and an operational procedure of a venous distensi- 
bility evaluation index measuring apparatus accord- 
ing to the present invention; 
Fig. 3 is a sub-routine flow chart for executing a de- 
termining process of an evaluation index of the ve- 
nous distensibility; 

Fig. 4 is a graphical representation showing an ex- 
emplary measured relationship between a rate of 
change in impedance to an elapsed time; 
Fig. 5 is a graphical representation showing a rela- 
tion between a venous age and a gradient of a rate 
of change in impedance to an elapsed time; 
Fig. 6 is a table showing a relation between a ve- 
nous age and a venous sclerosis level; and 
Fig. 7 shows a display section illustrating an exem- 
plary indication of an evaluation result of a venous 
distensibility. 

Description of the Preferred Embodiments 

[0025] Preferred embodiments of the present inven- 
tion will now be described with reference to the attached 
drawings. 

[0026] First of all, a configuration of a venous disten- 
sibility evaluation index measuring apparatus according 
to the present invention will be described with reference 
to a block diagram of Fig. 1 . 

[0027] A venous distensibility evaluation index meas- 
uring apparatus according to the present invention com- 
prises a main body 1 , a venous occluding section 3 con- 
nected with the main body 1 by an air tube 2 and an 
electrode section 5 connected with the main body 1 by 
a cord 4. 

[0028] The venous occluding section 3 causes a vein 
in one part of body regions to be in a pressed condition 
orto be shifted from the pressed condition into a decom- 
pressed condition. To describe this more specifically, the 
venous occluding section 3 is represented by a man- 
chette (a cuff band) , which is typically included in a 
known hemodynamometer and is used by wrapping and 
tightening around an upper arm region. 
[0029] The electrode section 5 supplies a current at a 
predetermined frequency to a vein in a location more 
distant from the heart with respect to that of the venous 



occluding section 3 yet in the same circulation path as 
the vein in the one part of the body regions, while de- 
tecting a voltage. To describe in more specific, the elec- 
trode section 5 comprises such electrodes (conducting 

5 electrodes 5a, measuring electrodes 5b) to be affixed 
on the body regions as employed typically in a well- 
known bioelectric impedance measuring apparatus, in 
which said conducting electrodes 5a are affixed to the 
forearm at a certain space so as to supply a current 

10 mainly to the vein, and said measuring electrodes 5b 
are affixed to the forearm at locations on a current flow 
path so as to thus detect a voltage between the points 
on the current flow paths of the forearm. 
[0030] The main body 1 comprises a power supply 

15 switch 6, a setting switch 7 and a display section 8, all 
of which are located in an exterior of the main body 1 . 
and a power supply 9, a pressure adjusting section 10, 
a clock 1 1 , an impedance conversion section 1 2, a stor- 
age section 13 and an arithmetic operation and control 

20 section 14, all of which are located in an interior of the 
main body 1 . 

[0031 ] The power supply switch 6 controls a switching 
between a supply and a stop of an electric power to re- 
spective elements of an electric system. The power sup- 

25 p|y 9 supplied the electric power to the respective ele- 
ments of the electric system when the power supply 
switch 6 is shifted to ON state. The setting switch 7 is 
used to input and then set and register an age and other 
physical information. The display section 8 serves to in- 

30 dicate a venous age as a first index for evaluating a ve- 
nous distensibility (a first venous distensibility evalua- 
tion index) and a venous sclerosis level as a second in- 
dex for evaluating the venous distensibility (a second 
venous distensibility evaluation index). It is to be noted 

35 that the term of "venous distensibility" in the present 
specification refers to a nature of the vein that is expand- 
ed to be elongated and extended and is contracted (re- 
covered) from the expanded state back to the original 
state. 

40 [0032] The pressure adjusting section 10 adjusts a 
pressure to be supplied to the venous occluding section 
3 by increasing or decreasing it, which is used to cause 
a vein in one part of body regions exclusively to be in a 
pressed condition and/or to be shifted from the pressed 

45 condition into a decompressed condition. To describe in 
more specific, the pressure adjusting section 10 are 
composed of a pressure sensor, a pressurizing device, 
an exhaust valve and the like, which are typically em- 
ployed in a well-known hemodynamometer, and func- 

50 tions in response to the control from the arithmetic op- 
eration and control section 14 to increase the pressure 
up to 50 mmHg in about three seconds and/or to de- 
crease the pressure from this pressurized condition 
down to 0 mmHg in about two seconds and to maintain 

55 this pressure condition. 

[0033] The clock section 11 measures an elapsed 
time since the venous occluding section 3 has started 
the pressing or decompressing operation of the vein in 



5 



9 



EP 1 452 131 A1 



10 



the one part of the body regions. To describe in more 
specific, the clock section 1 1 measures the elapsed time 
for 30 seconds after the starting of the pressing opera- 
tion on the vein in the one part of the body regions and 
also for 30 seconds afterthe starting of the decompress- 
ing operation of the pressed condition on the vein in the 
one part of the body regions. 

[0034] The impedance conversion section 12 gener- 
ates the current at a predetermined frequency which is 
to be supplied through the conducting electrodes 5a, 
and also converts the voltage detected by the measur- 
ing electrodes 5b in combination with the applied current 
into the impedance. To describe inmore specific, the im- 
pedance conversion section 12 is composed of a con- 
stant voltage generating circuit, a voltage-current con- 
verting circuit, am amplifying circuit, an A/D converting 
circuit, an impedance arithmetic operation section and 
soon, all of which are typically employed in a well-known 
bioelectric impedance measuring apparatus, and it ap- 
plies the current with a frequency of 4 kHz between the 
electrodes and calculates an impedance based on the 
detected voltage and the applied current as well-known 
in the art. 

[0035] The storage section 1 3 stores in advance data 
indicative of a relation between a venous age and a gra- 
dient of a rate of change in impedance to the elapsed 
time as well as data indicative of a relation between the 
venous age and the venous sclerosis level, and also 
stores data in such respective processes as well-known 
in the art. To describe in more specific, the storage sec- 
tion 13 stores a correlational expression, Va = - y x Sit 
+ 5 , as the relation data between the venous age and 
the gradient of the rate of change in impedance to the 
elapsed time, as shown in the graphical representation 
of Fig. 5, where the Sit denotes the gradient of the rate 
of change in impedance to the elapsed time, the Va de- 
notes the venous age, and the y and the 5 denote coef- 
ficients, respectively, and it further stores corresponding 
data as the relation data between the venous age and 
the venous sclerosis level as shown in the table of Fig. 
6, which is indicated by the level 0 of the venous scle- 
rosis level forthe venous age no olderthan 39, the level 
1 forthe venous age in a range of 40 to 49, the level 2 
for the venous age in a range of 50 to 59 and the level 
3 for the venous age no younger than 65. In addition, 
the storage section 1 3 further stores the age and other 
physical information to be entered through the setting 
switch 7. It is to be noted that the relation data between 
the venous age and the gradient of the rate of change 
in impedance to the elapsed time has been determined 
based on the relations between the ages and the rates 
of change in impedance to the elapsed time for a large 
number of subjects. Further, the relation data between 
the venous age and the venous sclerosis level has been 
determined based on the relation between the ages and 
the number of patients who have developed the venous 
sclerosis. 

[0036] The arithmetic operation and control section 



14 comprises a impedance transition gradient calculat- 
ing unit 15 and a venous distensibility evaluation index 
determining unit 16, and executes controls and arithme- 
tic operations for respective components as well-known 
5 in the art. 

[0037] The impedance transition gradient calculating 
unit 1 5 calculates the rate of change in impedance "Icr" 
from the equation (1) : 

Icr=(ls-lw)/lsx100 (1) 

where "Is" is an impedance determined by the imped- 
ance conversion section 12 based on the data obtained 
by sampling before the pressing operation of the vein in 
one part of the body regions has started and then con- 
verting them, and "Iw" is an impedance determined by 
the impedance conversion section 1 2 based on the data 
obtained by sampling after the pressing operation of the 
vein in one part of the body regions has started and then 
converting them. 

[0038] Subsequently, the impedance transition gradi- 
ent calculating unit 15 uses the least squares method to 
calculate the correlational expression of the elapsed 
time measured by the clock section 11 , which will be 
needed to grasp the transient condition of the expansion 
or the contraction (recovery) of the vein since the start- 
ing of the pressing or the decompressing operation of 
the vein in the one part of the body regions, to the pre- 
viously calculated rate of change in impedance for each 
sampling, thereby to specify the gradient of the rate of 
change in impedance to the elapsed time. 
[0039] The venous distensibility evaluation index de- 
termining unit 1 6 specifies the venous age correspond- 
ing to the gradient of the rate of change in impedance 
to the elapsed time, which has been calculated in the 
impedance transition gradient calculating unit 15, based 
on the relation data between the venous age and the 
gradient of the rate of change in impedance to the 
elapsed time, which has been previously stored in the 
storage section 13, and further specifies the venous 
sclerosis level corresponding to the previously calculat- 
ed venous age based on the relation data between the 
venous age and the venous sclerosis level, which has 
been previously stored in the storage section 13. 
[0040] An application and an operational procedure 
of a venous distensibility evaluation index measuring 
apparatus according to the present invention will now 
be described with reference to the main flow chart illus- 
trated in Fig. 2 and the sub routine flow chart illustrated 
in Fig. 3 for determining and processing the evaluation 
index of the venous distensibility. 
[0041] First of all, the venous occluding section (man- 
chette) 3 is wrapped around the upper arm, the conduct- 
ing electrode 5a and the measuring electrode 5b are af- 
fixed to the forearmproximal to the wrist, while another 
conducting electrode 5a and another measuring elec- 
trode 5b are affixed to the forearm proximal to the elbow 
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so as to place the measuring electrodes 5b, 5b to be 
interposed between the conducting electrodes 5a, 5a, 
and then the power switch 6 is shifted to ON. By this 
way, the power supply 9 starts to supply the electric pow- 
er to respective components of the electric system to 
bring the respective sections of the apparatus into the 
activated state. Subsequently, the age (e.g., 34 years) 
may be entered by using the setting switch 7. By this 
way, the storage section 13 stores this entered age 
(Step S1). 

[0042] Subsequently, the clock section 11 starts to 
measure the time, the arithmetic operation and control 
section 14 executes the sampling of said time, and the 
storage section 13 stores this sampled time (Step S2). 
[0043] Subsequently, the impedance conversion sec- 
tion 1 2 generates and applies a current at the frequency 
of 4kHz between the conducting electrodes 5a, 5a and 
converts a voltage detected between the measuring 
electrodes 5b, 5b in combination with the applied current 
into an impedance in the forearm, the arithmetic/control 
section 1 4 executes a sampling of the impedance in the 
forearm (i.e., the impedance specified in the condition 
of the vein with no pressure applied thereto), and the 
storage section 1 3 stores said impedance in the forearm 
obtained by said sampling (the impedance specified in 
the condition of the vein with no pressure applied there- 
to) (Step S3). 

[0044] Subsequently, the arithmetic operation and 
control section 14 determines whether or not a prede- 
termined time has elapsed since the clock section 11 
has started the measuring of the time (Step S4). Herein, 
the predetermined time is defined by a time period re- 
quired to ensure the condition of the vein under a rest 
position of a subject, which is 1 0 seconds in the present 
invention. If the predetermined time has not elapsed 
(NO in Step S4), the process returns back to Step S2 to 
repeat the same processing. On the other hand, if the 
predetermined time has elapsed (YES in Step S4) , the 
pressurizing apparatus of the pressure adjusting section 
10 generates a pressure to be applied, which in turn is 
received by the venous occluding section (the man- 
chette) 3 so as to start a squeezing operation of the up- 
per arm (Step S5) . 

[0045] Subsequently, the arithmetic operation and 
control section 14 executes the sampling of the time un- 
der being measured by the clock section 11, and the 
storage section 1 3 stores thus sampled time (Step S6) . 
[0046] Subsequently, the arithmetic operation and 
control section 14 executes the sampling of the imped- 
ance in the forearm under being converted by the im- 
pedance conversion section 12 (the impedance speci- 
fied in the condition of the veinwith an increasing pres- 
sure applied thereto), and the storage section 1 3 stores 
thus sampled impedance in the forearm (the impedance 
specified in the condition of the vein with the increasing 
pressure applied thereto)(Step S7). 
[0047] Subsequently, the pressure sensor of the pres- 
sure adjusting section 1 0 detects the pressure used by 



the venous occluding section (the manchette) 3 to 
squeeze the upper arm, and the arithmetic operation 
and control section 14 determined whether or not the 
pressure of 50 mmHg has been reached (Step S8). If 

5 the pressure of 50 mmHg has not been reached (NO in 
Step S8), the process returns to Step S5 to repeat the 
same processing. On the other hand, if the pressure of 
50 mmHg has been reached (YES in Step S8), the pres- 
sure adjusting section 1 0 keeps on maintaining the pres- 

10 sure of 50 mmHg through the pressurizing operation by 
the pressurizing apparatus andthecontrol of exhausting 
in the exhaust valve (Step S9). 

[0048] Subsequently, the arithmetic operation and 
control section 1 4 executes the sampling of the time un- 

15 der being measured by the clock section 11 , and the 
storage section 1 3 stores thus sampled time (Step S1 0). 
[0049] Subsequently, the arithmetic operation and 
control section 14 executes the sampling of the imped- 
ance in the forearm under being converted by the im- 

20 pedance converting section 12 (the impedance speci- 
fied in the condition of the vein with a constant pressure 
applied thereto), and the storage section 13 stores thus 
sampled impedance in the forearm (the impedance 
specified in the condition of the vein with the constant 

25 pressure applied thereto) (Step S11). 

[0050] Subsequently, the arithmetic operation and 
control section 14 determines whether or not a prede- 
termined time has elapsed, which has been measured 
by the clock section 11 , since the venous occluding sec- 

30 tion (the manchette) 3 has started to hold the pressure 
for squeezing the upper arm (Step S 12). Herein, the 
predetermined time is defined by a time period required 
to ensure a stabilized condition of the vein that has been 
expanded by the occlusion, which is 30 seconds in the 

35 present case. If the predetermined time has not elapsed 
(NO in Step S12), then the process returns back to Step 
S9 to repeat the same processing. On the other hand, 
if the predetermined time has elapsed (YES in Step 
S12), the exhaust valve of the pressure adjusting sec- 

40 tion 1 0 is actuated for the exhausting, and in response 
to this exhausting, the venous occluding section (the 
manchette) 3 starts to release the squeezing of the up- 
per arm (Step S13). 

[0051] Subsequently, the arithmetic operation and 
45 control section 1 4 executes the sampling of the time un- 
der being measured by the clock section 11 , and the 
storage section 1 3 stores thus sampled time (Step S1 4) . 
[0052] Subsequently, the arithmetic operation and 
control section 14 executes the sampling of the imped- 
50 ance in the forearm under being converted by the im- 
pedance conversion section 12 (the impedance speci- 
fied in the condition of the vein with a decreasing pres- 
sure applied thereto), and the storage section 1 3 stores 
thus sampled impedance in the forearm (the impedance 
55 specified in the condition of the vein with a decreasing 
pressure applied thereto) (Step S15). 
[0053] Subsequently, the pressure sensorof the pres- 
sure adjusting section 1 0 detects the pressure used by 
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the venous occluding section (the manchette) 3 to re- 
lease the squeezing of the upper arm, and the arithmetic 
operation and control section 1 4 determines whether or 
not the pressure of 0 mmHg has been reached (Step 
S1 6). If the pressure of 0 mmHg has not been reached 
(NO in Step S16), then the process returns back to Step 
S1 3 to repeat the same processing. On the other hand, 
if the pressure of 0 mmHg has been reached (YES in 
Step S1 6), then the pressure adjusting section 10 keeps 
the exhausting condition in the exhaust valve to thereby 
continue to hold the pressure of 0 mmHg (Step S17). 
[0054] The arithmetic operation and control section 
14 executes the sampling of thetime under being meas- 
ured by the clock section 1 1 , and the storage section 1 3 
stores thus sampled time (Step S1 8). 
[0055] Subsequently, the arithmetic operation and 
control section 14 executes the sampling of the imped- 
ance in the forearm under being converted by the im- 
pedance conversion section 12 (the impedance speci- 
fied in the condition of the vein with a constant de- 
creased pressure applied thereto), and the storage sec- 
tion 13 stores thus sampled impedance in the forearm 
(the impedance specified in the condition of the vein with 
the constant decreased pressure applied thereto) (Step 
S19). 

[0056] Subsequently, the arithmetic operation and 
control section 14 determines whether or not a prede- 
termined time has elapsed, which has been measured 
by the clock section 1 1 , since the venous occluding sec- 
tion (the manchette) 3 has started to keep the releasing 
operation of the squeezing of the upper arm (Step S20) . 
Herein, the predetermined time is definedby a time pe- 
riod required to ensure the stabilized condition of the 
vein that has been contracted (recovered) by the releas- 
ing of the occlusion, which is 30 seconds in the present 
invention. If the predetermined time has not elapsed 
(NO in Step S20), the process returns back to Step S17 
to repeat the same processing. On the other hand, if the 
predetermined time has elapsed (YES in Step S20), the 
arithmetic operation and control section 14 determines 
the venous age and the venous sclerosis level as the 
evaluation index of the venous distensibility (Step S21), 
the display section 8 indicates a determination result of 
the venous age and the venous sclerosis level as well 
as an advice on a possibility of any vascular diseases, 
and so on (Step S 22), and the process comes to the 
end. 

[0057] The process in Step S21 for determining the 
evaluation index of the venous distensibility (the venous 
age, the venous sclerosis level) will now be described 
in more specific. 

[0058] After the YES in Step S20, the impedance tran- 
sition gradient calculating unit 15 firstly calculates the 
rate of change in impedance (Step S51). To describe 
this in more specific, the first impedance in the forearm 
stored in the storage section 13 in Step S13 (the imped- 
ance specified in the condition of the vein with no pres- 
sure applied thereto) is substituted for Is of the equation 



(1 ) described above, and the impedance in the forearm 
stored in the storage section 13 after the venous occlud- 
ing section 13 (the manchette) has started to squeeze 
the upper arm in Step S5 (the impedance specified in 
5 the condition of the vein with the increasing pressure, 
with the constant pressure, with the decreasing pres- 
sure, and with no pressure applied thereto respectively) 
is substituted for Iw of the equation (1) described above 
so as to calculate the rate of change in impedance, Icr. 
10 [0059] Subsequently, the impedance transition gradi- 
ent calculating unit 15 executes an arithmetic operation 
to determine the gradient (absolute value) of the rate of 
change in impedance to the elapsed time (Step S52). 
To describe in more specific, for example, if the relation 
15 between the rate of change in impedance and the 
elapsed time, which has been described above, is rep- 
resented in the graph of Fig. 4, then the least squares 
method is used to calculate the correlational expression 
Y = - a x logX + (3 to thereby specify the gradient (abso- 
20 lute value) " a " (numeric value) of the rate of change in 
impedance with respect to the elapsed time specified 
for the conditions with the increasing pressure and the 
constant pressure applied to the vein, where the "Y" de- 
notes the rate of change in impedance previously cal- 
25 culated in Step S 51 and the "X" denotes the elapsed 
time stored in the storage section 13 as defined from the 
time when the venous occluding section (the man- 
chette) 3 has started the squeezing of the upper arm in 
Step S5 until the clock section 11 has counted the pre- 
30 determined elapsed time in the YES of Step 12. 

[0060] Subsequently, the venous distensibility evalu- 
ation index determining unit 16 specifies the venous age 
and the venous sclerosis level (Step S53). To describe 
this in more specific, first of all, the gradient (absolute 
35 value) " a 11 (numeric value) of the rate of change in im- 
pedance to the elapsed time for the conditions with the 
increasing pressure and the constant pressure applied 
to the vein, each of which has been specified by the im- 
pedance transition gradient calculating unit 15, is sub- 
40 stituted for the variable term "Sit" of such a relation data 
(correlational expression Va = - y x Sit + 5) between the 
venous age and the gradient (absolute value) of the rate 
of change in impedance to the elapsed time as repre- 
sented in the graph of Fig. 5, which has been stored pre- 
45 viously in the storage section 13, thereby calculating the 
venous age expressed by the numeric value. Subse- 
quently, the venous sclerosis level corresponding to the 
venous age determined as described above is specified 
from such a relation data between the venous age and 
50 the venous sclerosis level as shown in the table of Fig. 
6, which has been previously stored in the storage sec- 
tion 1 3. For example, if the venous age that has been 
determined as described above by the numeric value is 
the age of 26, the venous sclerosis level is specified to 
55 be level 0 that corresponds to the age of 26. Further, 
this operation also determines the possibility in the ex- 
pression of "extremely low" for the vascular disease that 
corresponds to the venous age of 26, and then the proc- 
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ess exits the present sub-routine. 
[0061] As described above, in the venous distensibil- 
ity evaluation index measuring apparatus according to 
the present invention, the storage section 13 stores in 
advance the relation data between the venous age and 
the gradient of the rate of change in impedance to the 
elapsed time as well as the relation data between the 
venous age and the venous sclerosis level, the venous 
occluding section 3 brings the vein in the upper arm into 
the condition where it is pressed at the constant pres- 
sure of 50 mmHg, the pressure adjusting section 1 0 ad- 
justs the pressure to be increased or decreased in order 
to hold the vein under the condition where it is pressed 
at the constant pressure of 50 mmHg, the clock section 
11 measures the elapsed time from the starting of the 
pressed condition of the vein, the electrode section gen- 
erates and applies the current at 4 kHz to the forearm, 
and also detects the voltage at that time, the impedance 
conversion section 12 converts the detected voltage in 
combination with the applied current into the imped- 
ance, the impedance transition gradient calculating unit 
15 determines the gradient of the rate of change in im- 
pedance to the elapsed time, the venous distensibility 
evaluation index determining unit 1 6 determines the ve- 
nous age corresponding to the gradient of the rate of 
change in impedance to the elapsed time, and further 
determines the venous sclerosis level corresponding to 
the determined venous age, and the display section 8 
indicates the venous age andthevenous sclerosis level. 
Owing to the configuration described above, the venous 
age and the venous sclerosis level can be obtained in 
a simple and convenient manner without any interveni- 
ent persons. 

[0062] It is to be noted that in the above-described 
embodiment, the pressure of 50 mmHg has been em- 
ployed in the venous occluding section 3 in order to hold 
the vein of the upper arm under the constant pressure, 
and this pressure of 50 mmHg is the one to optimally 
bring the vein in the upper arm exclusively into the 
pressed condition. However, any pressure in a range of 
30 mmHg to 90 mmHg may be employed to hold the 
vein in the upper arm under the constant pressure. 
[0063] Further, thecurrentto be appliedtotheforearm 
so as to flow therethrough by the electrode section has 
been at the frequency of 4 kHz, and this frequency of 4 
kHz is the one to achieve the optimal condition for the 
current to flow through the vein in the forearm. However, 
the current at the frequency in a range of 1 kHz to 500 
kHz may be employed to flow through the forearm. 
[0064] Yet further, although in the impedance transi- 
tion gradient calculating unit 15, the gradient has been 
specified by using the correlational expression for cal- 
culating the rate of change in impedance for the period 
of 30 seconds (the measured elapsed time from 10th 
second to 40th second as shown in Fig. 4) defined as 
from the time when the venous occluding section (the 
manchette) 3 has started to squeeze the upper arm 
(Step S5) until the predetermined time has elapsed 



(YES in Step S1 2), alternatively the gradient may be de- 
termined by using the correlational expression for cal- 
culating the rate of change in impedance for a part of 
the time zone within said 30 seconds. For example, the 
5 gradient (absolute value) " e " (numeric value) may be 
specified, by using the least square method, from the 
correlational expression (Y = - e x X + in Fig. 4) for 
calculating the rate of change in impedance for 1 7 sec- 
onds (the elapsed time defined in the period from 10th 
10 second to 27th second as shown in Fig. 4) measured as 
the period of 1 7 seconds from the time when the venous 
occluding section (the manchette) 3 has started to 
squeeze the upper arm (Step S5). 
[0065] Alternatively, the impedance transition gradi- 
15 ent calculating unit 1 5 may calculate the gradient by us- 
ing the correlational expression for calculating the rate 
of change in impedance to the elapsed time since the 
venous occluding section (the manchette) 3 has started 
to release the squeezing of the upper arm (Step S13). 
20 For example, the gradient may be calculated by using 
the correlational expression for calculating the rate of 
change in impedance to the time period of 3 seconds 
(the elapsed time defined from 43rd second to 46th sec- 
ond, as shown in Fig. 4) measured as the time period 
25 from 3rd second to 6th second after the manchette has 
started to release the squeezing of the upper arm (Step 
S13). 

[0066] Further, although the storage section 13 has 
stored in advance the relation data between the gradient 
30 of the rate of change in impedance to the elapsed time 
and the venous age as well as the relation date between 
the venous age and the venous sclerosis level, and the 
venous distensibility evaluation index determining unit 
16 has determined the venous age andthevenous scle- 
35 rosis level in this sequence from the gradient of the rate 
of change in impedance to the elapsed time, which has 
been determined by the impedance transition gradient 
calculating unit 15, alternatively the venous sclerosis 
level and the venous age may be determined in this se- 
40 quence. In this case, if the storage section 1 3 stores the 
relation data between the gradient of the rate of change 
in impedance to the elapsed time and the venous scle- 
rosis level as well as the relation data between the ve- 
nous sclerosis level and the venous age, then the ve- 
45 nous distensibility evaluation index determining unit 16 
can determine similarly the venous sclerosis level and 
the venous age in this sequence. 
[0067] Further, although the venous age and the ve- 
nous sclerosis level have been determined as the ve- 
50 nous distensibility evaluation indices, either one of those 
may be exclusively determined. Yet further, the evalua- 
tion index forthe venous distensibility may notbe limited 
to the venous age or the venous sclerosis level. As for 
the index for evaluating the venous distensibility, any in- 
55 dices by which the subject can get some awareness 
may be used, especially the one that can lead to the 
prediction in association with diseases may be more 
preferably used. 
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[0068] Further, although the evaluation index of the 
venous extensibility of the arm has been measured, al- 
ternatively the measurement in the leg or other body re- 
gions may be similarly applicable. For example, the ve- 
nous occluding section 3 may be wrapped to squeeze 5 
around the thigh, and the electrode 5 may be disposed 
on the lower thigh thus to provide the measurement. 
[0069] As described above, according to the venous 
distensibility evaluation index measuring apparatus of 
the present invention, under the condition where the ve- 10 
nous occluding section brings the vein in one part of the 
body regions into the pressed state or from the pressed 
state to the decompressed state, the electrode section 
detects the volumetric change due to the expansion or 
the contraction (recovery) of the vein in a location more 15 
distant from the heart with respect to that of the venous 
occluding section yet in the same circulation path as 
said vein of the one part of the body regions, the imped- 
ance conversion section converts the detected data into 
the impedance, the impedance transition gradient cal- 20 
culating unit determines the gradient of the rate of 
change in impedance to the elapsed time, the venous 
distensibility evaluation index determining unit specifies 
the evaluation index of the volumetric change dueto the 
expansion or the contraction (recovery) of the vein, 25 
namely the evaluation index of the venous distensibility, 
and finally the display section may indicate the evalua- 
tion index of the venous distensibility. Therefore, the 
evaluation index of the venous distensibility can be de- 
termined and informed of in a simple and convenient 30 
way without disturbing any intervenient persons. 
[0070] Further, the vein in one part of the body regions 
can be occluded exclusively by providing the pressed 
condition where an applied pressure is controlled to be 
constant within a range from 30 mmHg to 90 mmHg, 35 
wherein the vein in one part of the body regions can be 
exclusively and reliably occluded by providing the 
pressed condition wherethe applied pressure is control- 
led to be at a constant pressure of 50 mmHg among 
others. 40 
[0071] Yet further, the volumetric change due to the 
expansion or the contraction (recovery) of the vein can 
be reliably detected by providing a predetermined fre- 
quency in a range from 1 kHz to 500 kHz, wherein the 
volumetric change due to the expansion or the contrac- 45 
tion (recovery) of the vein can be detected more reliably 
by providing the predetermined frequency of 4 kHz 
among others. 

[0072] Still further, the evaluation of useful informa- 
tion including the prediction of the possible vascular dis- 50 
ease can be provided since the venous distensibility 
evaluation index is represented by the venous age and 
the venous sclerosis level, each of which has a correla- 
tion with the vascular disease. Especially since both of 
the venous age and the venous sclerosis level are de- 55 
termined by the venous distensibility evaluation index 
determining unit, the evaluation relating to the prediction 
of the vascular disease can be provided from broadly 



different points of view. 
Claims 

1 . A venous distensibility evaluation index measuring 
apparatus comprising: 

a venous occluding section for causing a vein 
in one part of body regions to be in a pressed 
condition; 

a pressure adjusting section for adjusting a 
pressure used to cause the vein in the one part 
of the body regions to be in the pressed condi- 
tion by increasing or decreasing the pressure, 
which is to besupplied to said venous occluding 
section; 

a clock section for measuring an elapsed time 
since said venous occluding section has start- 
ed the pressing operation of said vein in the one 
part of the body regions; 
an electrode section for supplying a current at 
a predetermined frequency to a vein in a loca- 
tion more distant from the heart with respect to 
that of said venous occluding section yet in the 
same circulation path as said vein of the one 
part of the body regions, while detecting a volt- 
age, when said clock section measures said 
elapsed time; 

an impedance conversion section for generat- 
ing said current at the predetermined frequency 
to be supplied by said electrode section, while 
converting said voltage detected by said elec- 
trode section in combination with the supplied 
current into an impedance; 
an impedance transition gradient calculating 
unit for arithmetically calculating a gradient of 
a rate of change in impedance to the elapsed 
time based on said impedance converted in 
said impedance conversion section and said 
elapsed time measured by said clock section; 
a storage section for storing previously data in- 
dicative of a relation between the gradient of 
the rate of change in impedance to the elapsed 
time and a first venous distensibility evaluation 
index; 

a venous distensibility evaluation index deter- 
mining unit for specifying said first venous dis- 
tensibility evaluation index corresponding to 
said gradient of the rate of change in imped- 
ance to the elapsed time calculated by said im- 
pedance transition gradient calculating unit 
from said relation data stored previously in said 
storage section; and 

a display section for indicating said first venous 
distensibility evaluation index specified by said 
venous distensibility evaluation index deter- 
mining unit. 
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2. A venous distensibility evaluation index measuring 
apparatus in accordance with claim 1 , in which said 
pressed condition represents a condition pressed 
at a constant pressure in a range from 30 mmHg to 
90 mmHg. 

3. A venous distensibility evaluation index measuring 
apparatus in accordance with claim 1 , in which said 
pressed condition represents a condition pressed 
at a constant pressure of 50 mmHg. 

4. A venous distensibility evaluation index measuring 
apparatus in accordance with either one of claim 1 
through 3, in which said predetermined frequency 
is in a range from 1 kHz to 500 kHz. 

5. A venous distensibility evaluation index measuring 
apparatus in accordance with either one of claim 1 
through 3, in which said predetermined frequency 
is 4 kHz. 

6. A venous distensibility evaluation index measuring 
apparatus in accordance with either one of claim 1 
through 5, in which said first venous distensibility 
evaluation index is either one of a venous age or a 
venous sclerosis level. 

7. A venous distensibility evaluation index measuring 
apparatus in accordance with claim 6, in which said 
storage section stores a correlational expression Va 
= -y x Sit + 5 as the relation data between the gra- 
dient of the rate of change in impedance to the 
elapsed time and the venous age, where the Sit de- 
notes the gradient of the rate of change in imped- 
ance to the elapsed time, the Va denotes the venous 
age, andthe yand the 5 denote coefficients, respec- 
tively, and said venous distensibility evaluation in- 
dex determining unit calculates said venous age 
corresponding to said gradient of the rate of change 
in impedance to the elapsed time calculated by said 
impedance transition gradient calculating unit 
based on said correlational expression stored pre- 
viously in said storage section. 

8. A venous distensibility evaluation index measuring 
apparatus in accordance with either one of claim 1 
through 5, in which said storage section further 
stores previously data indicative of a relationbe- 
tween said first venous distensibility evaluation in- 
dex and a second venous distensibility evaluation 
index, and said venous distensibility evaluation in- 
dex determining unit specifies said second venous 
distensibility evaluation index corresponding to said 
first venous distensibility evaluation index specified 
previously, from said relation data stored further 
previously in said storage section. 

9. A venous distensibility evaluation index measuring 



apparatus in accordance with claim 8, in which said 
first venous distensibility evaluation index repre- 
sents either one of the venous age or the venous 
sclerosis level, and said second venous distensibil- 
5 ity evaluation index represents the venous sclerosis 

level if said first venous distensibility evaluation in- 
dex is the venous age, and said second venous dis- 
tensibility evaluation index represents the venous 
age if said first venous distensibility evaluation in- 
fo dex is the venous sclerosis level. 

10. A venous distensibility evaluation index measuring 
apparatus in accordance with claim 9, in which said 
storage section stores a correlational expression 

15 Va=-y x Sit + 5 as the relation data between the gra- 
dient of the rate of change in impedance to the 
elapsed time and the venous age, where the Sit de- 
notes the gradient of the rate of change in imped- 
ance to the elapsed time, the Vadenotesthe venous 
20 age, and the y and the 5 denote coefficients, respec- 
tively, and said storage section further stores corre- 
sponding data as the relation data between the ve- 
nous age and the venous sclerosis level, which is 
indicated by the level 0 of the venous sclerosis level 
25 for the venous age no older than 39, the level 1 for 
the venous age in a range of 40 to 49, the level 2 
for the venous age in a range of 50 to 59 and the 
level 3 for the venous age no younger than 65, and 
said venous distensibility evaluation index deter- 
so mining unit calculates said venous age correspond- 
ing to said gradient of the rate of change in imped- 
ance to the elapsed time calculated by said imped- 
ance transition gradient calculating unit based on 
said correlational expression stored previously in 
35 said storage section, and said venous distensibility 
evaluation index determining unit further specifies 
said venous sclerosis level corresponding to said 
venous age calculated previously, from said corre- 
sponding data stored further previously in said stor- 
40 age section. 

11. A venous distensibility evaluation index measuring 
apparatus comprising: 

45 a venous occluding section for causing a vein 

in one part of body regions to be shifted from a 
pressed condition into a decompressed condi- 
tion; 

a pressure adjusting section for adjusting a 
50 pressure used to cause the vein in the one part 

of the body regions to be shifted from the 
pressed condition into the decompressed con- 
dition by increasing or decreasing the pressure, 
which is to besupplied to said venous occluding 
55 section; 

a clock section for measuring an elapsed time 
since said venous occluding section has start- 
ed the decompressing operation of said vein in 
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the one part of the body regions; 
an electrode section for supplying a current at 
a predetermined frequency to a vein in a loca- 
tion more distant from the heart with respect to 
that of said venous occluding section yet in the 5 
same circulation path as said vein of the one 
part of the body regions, while detecting a volt- 
age, when said clock section measures said 
elapsed time; 

an impedance conversion section for generat- 10 
ing said current at the predetermined frequency 
to be supplied by said electrode section, while 
converting said voltage detected by said elec- 
trode section in combination with the supplied 
current into an impedance; 15 
an impedance transition gradient calculating 
unit for arithmetically calculating a gradient of 
a rate of change in impedance to the elapsed 
time based on said impedance converted in 
said impedance conversion section and said 20 
elapsed time measured by said clock section; 
a storage section for storing previously data in- 
dicative of a relation between the gradient of 
the rate of change in impedance to the elapsed 
time and a first venous distensibility evaluation 25 
index; 

a venous distensibility evaluation index deter- 
mining unit for specifying said first venous dis- 
tensibility evaluation index corresponding to 
said gradient of the rate of change in imped- 30 
ance to the elapsed time calculated by said im- 
pedance transition gradient calculating unit 
from said relation data stored previously in said 
storage section; and 

a display section for indicating said first venous 35 
distensibility evaluation index specified by said 
venous distensibility evaluation index deter- 
mining unit. 



is 4 kHz. 

16. A venous distensibility evaluation index measuring 
apparatus in accordance with either one of claim 1 1 
through 1 5, in which said first venous distensibility 
evaluation index is either one of a venous age or a 
venous sclerosis level. 

A venous distensibility evaluation index measuring 
apparatus in accordance with either one of claim 1 1 
through 15, in which said storage section further 
stores previously data indicative of a relationbe- 
tween said first venous distensibility evaluation in- 
dex and a second venous distensibility evaluation 
index, and said venous distensibility evaluation in- 
dex determining unit specifies said second venous 
distensibility evaluation index corresponding to said 
first venous distensibility evaluation index specified 
previously, from said relation data stored further 
previously in said storage section. 

A venous distensibility evaluation index measuring 
apparatus in accordance with claim 17, in which 
said first venous distensibility evaluation index rep- 
resents either one of the venous age or the venous 
sclerosis level, and said second venous distensibil- 
ity evaluation index represents the venous sclerosis 
level if said first venous distensibility evaluation in- 
dex is the venous age, and said second venous dis- 
tensibility evaluation index represents the venous 
age if said first venous distensibility evaluation in- 
dex is the venous sclerosis level. 



12. A venous distensibility evaluation index measuring 40 
apparatus in accordance with claim 11, in which 
said pressed condition represents a condition 
pressed at a constant pressure in a range from 30 
mmHg to 90 mmHg. 

45 

13. A venous distensibility evaluation index measuring 
apparatus in accordance with claim 11, in which 
said pressed condition represents a condition 
pressed at a constant pressure of 50 mmHg. 

50 

14. A venous distensibility evaluation index measuring 
apparatus in accordance with either one of claim 1 1 
through 13, in which said predetermined frequency 
is in a range from 1 kHz to 500 kHz. 

55 

15. A venous distensibility evaluation index measuring 
apparatus in accordance with either one of claim 1 1 
through 13, in which said predetermined frequency 
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